Die Discussion Papers dienen einer möglichst schnellen Verbreitung von neueren Forschungsarbeiten des ZEW. Die Beiträge liegen in alleiniger Verantwortung der Autoren und stellen nicht notwendigerweise die Meinung des ZEW dar.
Non-technical Summary
New firms in high-tech industries are regarded as crucial elements in closing the productivity gap and make progress with the transformation process in Eastern Germany toward a knowledge driven economy. The present study deals with the determinants of the regional concentration of high-tech start-ups in Eastern Germany. The important role of R&D specific human capital for entrepreneurial activities in general and for firms' innovation activities especially is frequently discussed in the literature. Our research, based on the ZEW-Foundation Panel East, examines whether high-tech start-ups are mainly founded in scientific and infrastructural well suited regions. A lot of empirical studies do not directly consider effects of proximity to incubator organisation for entrepreneurial activities. The explicit examination of proximity and size of those incubators (firms, publicly financed R&D institutes, technology and foundation centres) leads to an expansion of the previously applied methodological approaches that only take into account suitable variables and a suitable level of disaggregation of regions. In our study we choose the smallest possible level of regions, the level of the Eastern German postcode areas, to avoid the mismeasurement of proximity effects. Hypotheses concerning the influence of various potential factors are derived by theoretical approaches and tested in multivariate analyses. We compare the results with those for the non-technology-intensive industries to obtain a better understanding of the observed effects.
We identify five regions with high numbers of high-tech start-ups founded between 1995-1998. These are the biggest agglomerations in Eastern Germany. The considerable importance of human capital at universities to explain the regional concentration of the number of high-tech start-ups is obvious in the multivariate analysis. Districts with universities or technical colleges with faculties of engineering or computer science seem to be of particular interest for start-ups in superior/high-technology industries and technology-intensive service sectors. Start-ups in hightechnology industries and non-technical consulting services prefer districts where institutions of higher education with natural sciences faculties are located. Other publicly financed institutions like Fraunhofer-Society and Max-Planck-Society are less important for explaining regional differences of start-up activities in high-tech industries. In contrast, the establishment of technology and foundation centres as a kind of specific infrastructure stimulate the number of high-tech start-ups within or around such centres. Furthermore, the existence of large and international companies in the manufacturing sector stimulate entrepreneurial activities around those firms in general. (Stephan Schambach, CEO Intershop Communications AG, founded 1992 in Jena) "Intershop represents the realization of an idea that has changed the overall business world -the digitalisation of business relations."
Introduction and Research Issue
Many policy makers and entrepreneurship scholars regard high-tech start-ups as driving forces in making contributions toward economic growth, employment and structural change based on their innovations. They can enter new markets with more flexibility compared with established firms and full of new ideas. Additional public subsidies and an infrastructure oriented toward foundation and innovation provide advantageous founding and location factors.
New firms in high-tech industries take over the position of future leadership especially in Eastern Germany. They are considered to be crucial elements in closing the productivity gap and the gap within existing firm structure and guidelining the transformation process toward a knowledge-driven economy. Ten years after the collapse of the East-German socialist economy, first mover advantages and excessive entrepreneurial expectations have been lost. Data from ZEW-Foundation
Panel East that contain start-up activities in Eastern Germany present a moderate and low increase in the number of firm foundations in recent years after declining until 1995.
Small and medium-sized enterprises (SME's), and thus also start-ups, in technologyintensive industries are more important for carrying out innovation activities in Eastern Germany compared with the Western part (see Legler et al. 2000) . Research and Development (R&D) is mainly conducted by large firms in Western Germany.
However, those firms hardly exist in Eastern Germany. Eighty-six percent of R&D activities in Eastern Germany are carried out in firms with fewer than 100
employees. In fact, almost half of all R&D-pursuing firms have fewer than 20 employees. A second important fact is that the stock of R&D personnel in existing firms is still quite small in Eastern Germany. For every 1,000 employees there are three times as many R&D employees in Western Germany compared with Eastern Germany.
One main field of foundation research deals with the identification of determinants of regional differences in the start-up activities. A central result of these studies is that demand conditions and economic structures in the regions can explain the regional distribution of firm foundations (see Nerlinger 1998; Steil 1999 and the referred literature). Some empirical studies emphasise R&D specific human capital as an advantageous factor for firm's siting (see e.g. Oakey et al. 1988; Audretsch and Feldman 1996; Storey and Tether 1996) . Moreover, the concentration of economic activities has a positive impact on the number of start-ups (see e.g. Audretsch and Fritsch 1994; Reynolds 1994) . The purpose of the study is directly connected with this mentioned literature. We emphasise the impact of the proximity and size of publicly financed R&D institutes, large firms as incubators for start-up activities and examine the importance of the concentration of the economic activities.
A lot of empirical studies deal with the importance of regional conditions on the level of counties. However, most of them do not directly consider proximity effects and thus effects of conditions in the neighbourhood. The explicit examination of proximity effects leads to an expansion of the previously applied methodological approach in taking suitable variables and choosing suitable levels of the disaggregation of regions. In our study we choose the smallest possible level of a region, the level of the 1.270 East German postcode areas (excluding Berlin) 2 to avoid the mismeasurement of proximity effects. It is obvious that new firms are not concentrated at central points and also are not equally distributed within a region.
The same is true for the positions of R&D institutes. The use of distance between central points of counties to consider effects or proximity leads to more biased results compared with the use of distance between central points of postcode areas, because counties are larger than postcode areas. Measuring of proximity effects on the level of postcode areas are new elements in explaining regional differences in start-up activities. Moreover, the use of distance variables allows the consideration of cross-boundary effects in a direct way; the measurement of potential factors is not limited by administrative boundaries.
Theoretical foundation
According to Markusen et al. (1986) there does not exist a comprehensive theoretical model for the siting of high-tech start-ups. It is rather necessary to fall back on theory-based studies on firm foundations as well as on theoretical approaches of innovation economies and regional economies which have to be expanded by the characteristics of technology-intensive (high-tech) start-ups. On this basis, hypotheses on the regional concentration of high-tech start-ups are derived and their validity will be examined in the empirical part of the study.
Start-ups and market entries
In contrast to inter industrial cross-sectional models that focus on industry characteristics and entry barriers as key determinants of market entry behaviour (see also Cable and Schwalbach 1991) , 'Models on Self-employment' derive and include motives of the individual to start-up a company. These theoretical approaches go back to studies by Chapman and Marquis (1912) and Knight (1921) and are based on the individual's option to choose a self-employed or not self-employed position.
The individual probability of self-employment Pr(e) is determined by the expected income realised through market entry p * and the expected income w * provided by an alternative, not self-employed.
The income alternatives depend on factors such as an individuals personality or industry-specific characteristics (see Evans and Leighton 1989; Evans and Jovanovic 1989; Pfeiffer 1994) . Bania et al. (1993) apply the expansion of the theoretical approach shown through implementation of a regional dimension and integration of site selection by individuals in their study. Here, regional deviation in the number of firms is explained by differences in regional resource availability and industry-and infrastructure. Thus, the basic model on self-employment is transformed from the individual level to a regional level i. The new equation applies the empirical implementation of the 'self-employment decision on a regional level' Pr(e i ) (see e.g. Bania et al. 1993; Audretsch and Vivarelli 1996) , where characteristics of potential founders and industry-specific characteristics are aggregated.
Regional Spillover Effects
Moreover, the relevance of spillover effects, resulted from the establishment of R&D specific infrastructure and from the concentration of economic activities, for start-up activities are often discussed (see e.g. Harhoff 1999; Audretsch and Feldmann 1996) . These spillover effects increase the probability Pr(e i ) of a hightech start-up in a specific region. The strength of the influence depends on the range and size of spillovers.
For a long time, the innovation process was seen as a linear model starting from research over product development to market entry of the new product. Today, the new product process is expanded by interaction and feedback among the participating partners (see Freeman 1982) . Hence, the stimulus for innovation activity is not limited to basic research but also includes experiences that lead to product improvement and innovation (see von Hippel 1988) . A successful innovation market entry depends on the interplay of all innovation process participants. While in the early discovery stages, university and research establishments in particular add their knowledge to the innovation process, in the development phase R&D know-how is strongly included (see Nelson 1986; Tassey 1991) . For the commercialisation stage of the new product (market entry), company input with respect to authorisation procedures, tax issues and marketing plays an important role, according to Coffey and Polese (1987) .
On the basis of this theoretical approach to innovation including interaction and feedback, numerous studies indicate that -as a public good -knowledge is in many cases only available within certain distances (see Krugman 1991) . Along with Feldman (1994) , the regional spread and knowledge transfer is considerably influenced by the ability to transform know-how into language and communication as well as the preferred mechanisms for knowledge transfer. Spatial proximity is expected to provide an advantage to information transfer (see Feldman 1994; Audretsch and Feldman 1996; Helpman and Trajtenberg 1998) Recent approaches towards site and location theories deal with different agglomeration developments and their objectives (see Romer 1986 Romer , 1990 Krugman 1991 Stahl 1995) . The advantages of an agglomeration of different economic activities are derived analogously to the concentration advantages of similar firms.
Spatial proximity to firms producing complementary industrial goods or services and proximity between supplier and customers can be favourable via effects on transportation and storage costs.
The complexity of new technologies and the adaptation and implementation of technological know-how is strongly linked to human capital and the entrepreneur's skills and qualifications (Storey and Tether 1996) . Markusen et al. (1986) , Oakey et al. (1988) and Saxenian (1990) 
Data and Definitions

The ZEW-Foundation Panel East
The analysis of the start-up situation in Eastern Germany is based on the data from The analysis is therefore restricted to firms founded between January 1995 and December 1998.
Identification of start-ups
The definition of firm foundation types (e.g. differentiation with respect to prior structural change as well as independence) plays a crucial role regarding regional differences in the frequency of foundation (see Geroski 1995) . In this paper, only newly founded independent firms are considered and they are defined as a genuine factor combination through one or more natural persons and not as already existing firms (see Nerlinger 1998) . The establishment of affiliated firms is not further considered. A great number of companies in Eastern Germany evolved from firms of the former GDR, that were later privatised, reprivatised or partly privatised (see Felder et al. 1997 ). These converted firms ('derivative foundations') are characterised by the fact that the site selection has already taken place. Firms that were held partly by the German privatisation agency "Treuhandanstalt" or its successor will not be considered. Some cases do not make a capital structure available. In order to differentiate these firms from genuine foundations, information about the number of employees needs to be taken into account. Therefore, firms with more than fifty employees at the foundation date are often excluded and in our study, too (see Audretsch and Fritsch 1992) .
Identification of high-tech start-ups
Information about firms' innovation output is not available in the CREDITREFORM-database. It implemented a definition of high-tech start-ups according to innovation input based on the classification of the 'technologyintensive' goods derived by the OECD is used (see Gehrke et al. 1997) . Based on this list, technology-intensive manufacturing industries are separated according to their R&D intensity in 'High-Tech Industries' and 'Other Manufacturing'. High-tech industries show an average R&D intensity rate of more or equal than 3.5 percent while industries with a lower average R&D intensity do not belong to the high-tech industry. Recent empirical studies (see Harhoff et al. 1996; Nerlinger 1998) show that a lot of firms in services carry out R&D and innovation activities in a big amount (see Table 1 , Table 2 in annex). In analogy, those industries in the service sector are considered as high-tech service sector comprising industries.
High-tech start-ups in Eastern Germany
In the following section we will analyse the common characteristics of the most successful Eastern German high-tech regions. Such characteristics represent potential factors for explaining the regional differences observed in the number of high-tech start-ups. The existence of R&D infrastructure, large firms, traffic conditions and industrial structure is to be evaluated in these regions. Fig. 1 shows the most technology-intensive postcode areas based on the number of start-up activities. In our analysis a technology-intensive postcode area has an absolute and relative number of high-tech start-ups above the 65 resp. 80 percentil. 3 The relative number was calculated as the absolute number divided by the population in the postcode area. We have identified a trend of high-tech start-up companies to found their business in the border of the big cities in Eastern Germany. It seems a likely supposition that industrial estates around the city give more possibilities to grow than most quarters of the inner city. Smaller tax rates, cheaper business premises, parking lots, the visibility of large companies or high-tech small and medium-sized enterprises, and faster links to traffic infrastructure are far more attractive to settle a business in the border of big cities. The newly established large companies in Eastern Germany are often in R&D intensive industries. In every region we have clearly found hints for young high-techs to choose their sites at places where a critical mass of R&D (universities, R&D-intensive industries, R&D institutes) is still located. Proximity to agglomeration centres seems to be important for high-tech start-ups. Moreover, region' history regarding industrial structure seems to have been connected with the observed firm's siting in recent years.
Determinants for regional differences in the number of high-tech start-ups
We derive some hypotheses (see section 5.2) regarding the impact of different regional conditions on the number of start-up activities in high-tech industries based on the theoretical foundation in Chapter 2. These hypotheses are tested with suitable variables in the econometric analysis. We summarise these variables in the following way: § R&D specific human capital § Large firms § Urbanisation effects and specific infrastructure § Other regional influences on start-up activities
The results for high-tech start-ups are compared with those for other industries to achieve a better understanding and interpretation of observed effects. So we distinguish among six industries (see Table 4 ): STI and HTI are the superior and high technology-intensive industries in the manufacturing sector, TIS refers to the high-tech service sector, NTCS contains the remaining knowledge intensive services (digit-codes for TIS and NTCS are shown in Table 1 ), NTI represents the non-hightech industries in the manufacturing sector and OS represents the non-high-tech industries in the service sector. The average R&D-intensity rate of STI is above or equal 8.5 percent; those of HTI between 3.5 and below 8.5 percent. The average R&D-intensity rate of industries in TIS is unknown. Hence, Table 2 show the average innovation intensity rate for industries in TIS and the average R&D-intensity rate for manufacturing sector based on "Mannheimer Innovation Panel". In general, the results confirm the differentiation of high-tech industries. Table 4 summarises the main estimation results for explaining the number of start-ups in these industries, founded between 1995 and 1998, in Eastern German postcode areas.
Econometric approach
The number of newly founded firms in a postcode area within a certain period of time can be described with a positive numbered random variable Y (see Bania et al. 1993 , Harhoff 1999 The Poisson assumption that the mean equals the variance is the shortcoming of the Poisson model (Greene 1997, p. 939) . The negative binomial model seems to be the correct econometric approach in our study because the coefficient of the heterogeneity component as additional parameter differs significantly from zero (see value for alpha in Table 4 ). Linear models are sometimes used in an alternative manner if the logarithm of the endogenous variable has the character of a continuous variable. We only observe a small number of different values of the endogenous variables in our dataset (see Table 3 ). So, OLS model is not a suitable econometric approach. Therefore, only the estimation results based on the negative binomial model are presented.
Of course, the use of those model suffers from some restrictive assumptions. Count data models have the disadvantage that at present no model exists that includes spatial auto-correlation between regions (see Nerlinger 1998; Steil 1999) . Nerlinger (1998) and Steil (1999) only got a marginal change of the coefficients by using spatial error or spatial lag models. Since we are directly modelling distance in a lot of exogenous variables, however, most of reasons for spatial correlation in other studies are already considered in our exogenous variables. Moreover, data constraints hinder a panel data approach which would allow to model unobserved heterogeneity.
Hypotheses and empirical results
R&D specific human capital
Marshall (1890) formulated three core hypotheses to explain local concentration patterns of industries. Here, information relations between firms are considered relevant and a region's externally available knowledge is included, for instance public research institutions. According to this theory, specific human capital is concentrated at the locations of R&D intensive firms and near public research institutions. A large amount of founder potential and knowledge spillover is evident.
It is assumed that such spillovers in particular increase product and process innovations by continuous information flows among employees and firms. Czarnitzki et al. (2000) obtained the result that 12 percent of new products introduced to the market directly relate to research activities at publicly financed institutions. Universities are the most important source of innovation for firms which emphasise that public financed institutions are essential for achieving innovations.
Fraunhofer-Institutes and Max-Planck-Institutes 4 are comparatively less important.
In the result of the study of Picot et al. (1989) , the proximity to universities and "industrial milieu" were already the second and third crucial factor declared by founders. The most crucial factor was the distance to founder's place of residence which is in accordance with the stylised fact of positive relation between founder potential and start-up activities in the same region (see Schmude 1994) 
I. Hypothesis: "The number of high-tech start ups is positively related to specific human capital. The existence of universities has a greater impact for explaining the regional differences in the start-up activities compared with other publicly financed institutions"
The probability of a high-tech start-up rises with more proximity to the next university/university of applied science and with the size of such institutions. We calculate for each postcode area ratios of distance to each higher-education institution divided by the size of scientific staff. Our special interest is linked with effects of the nearest and biggest institution for probability of high-tech start-up. So we take only the minimum of all ratios for each postcode area. In an alternative manner the sum of ratios in a limited area around the postcode area can be calculated. However, the correct fixing of limit is problematic.
Potential founders of high-tech start-ups often need a qualification in technical sciences (see Bruederl et al. 1996) . Such qualification often required a degree in natural or engineering sciences. We differentiate between some faculties in order to measure such effects. The specific human capital and knowledge spillovers at technology-intensive industries using data for Eastern Germany. The share of highly qualified employees on the level of county is negative correlated with start-ups in NTI, however we get an unexpected negative impact for start-ups in HTI, too. We get a significant impact of the total sum of R&D employees in public institutes 50 km around the postcode area for TIS, however a negative coefficent of R&D employees in the county for STI. The contradictory results allow us to assume a low suitability of these variables on the level of counties to measure spillover effects through the accumulation and concentration of R&D specific human capital. Eastern German counties are very large, in that case the observance of proximity effects can give one reason for contradictory results which emphasises the importance of suitable variables.
Institutes of Fraunhofer-Society and
The proximity to Fraunhofer-Institute has no significant impact on the number of start-ups. The closer we come to a Max-Planck-Institute the higher is the number of start-ups only in TIS. Some start-ups in those sector deal with "Technical testing and analysis". Estimation results show no significant influence of specific human capital and knowledge spillovers at non-university public institutions on regional differences of high-tech start-up activities. One possible reason might be that the heterogeneity and specialisation of such institutes is only important for a subgroup of high-tech start-ups. Moreover, the relationships between such institutes and small-medium sized enterprises (start-ups included) are weaker compared with established firms (see Czarnitzki et al. 2000) .
The proximity and size of universities and universities of applied science have a bigger relevance for explaining regional differences in high-tech start-up activities. or in a far distance to the next university. In difference to that new firms in HTI are also concentrated in a far distance or near smaller universities. Nerlinger (1998) notice a positive effect of the largest university or universities of applied science located in a maximum distance of 50 kilometres with faculty "engineering" only for start-up activities in STI in the Western German counties.
Furthermore, proximity to universities or universities of applied science with a faculty of natural sciences is important for foundation activities in HTI and NTCS.
The correlation between these variables is strongly negative. So we observe a lower number of start-ups if the direct distance increases or the number of staff decreases.
One reason for the significant impact for NTCS might be that a lot of graduates in mathematics work in non-technical consulting services. The insignificance of the variables just described for non-technology industries confirm our expectancies about the relevance of human capital and existing knowledge spillovers at universities and universities of applied science only for high-tech start-ups.
Large firms
Apart from the Marshall theory it must be stated that local industry concentration facilitates the establishment and settlement of a supplying industry in the respective area. This can be explained by the use of economies of scale for implementing lower prices for intermediate goods. Proximity to market is an important factor especially in the early stage of start-ups (see, for example, Nerlinger 1998; Steil 1999) .
Moreover, the market and customer-supplier relationships are the most important source for innovation of firms (see Czarnitzki et al. 2000) . High-tech start-ups have more often firms as customers compared with other start-ups. So we assume that existence of large firms have a greater impact for those start-ups.
II. Hypothesis: "The existence of large firms in the manufacturing sector increases the attractiveness for new start-ups especially in high-tech industries."
The hypothesis is tested with the direct distance to the next firm in the manufacturing sector with more than 250 employees and in a similar way to the next large firm in other sectors. The number of start-ups in almost all sectors decreases in a far distance to the next firm in the manufacturing sector with more than 250 employees (see Table 4 ). The expected significant differences between industries cannot be observed. Possibly, start ups in the six industries have different relations to each of industry in the manufacturing sector which is not be considered with the variable used. The recent establishment of large firms in the other sectors do not attract start-ups. The results confirm the hypothesis of a considerable importance of large firms in the manufacturing sector for the foundation activities in general, hence not for high-tech start-up activities in special.
Urbanisation effects and specific infrastructure
According to Ohlin (1933) and Hoover (1937) Furthermore, the density of counties is a suitable proxy for effects of agglomeration.
We take nine dummy variables to consider the different size and density of agglomeration according the classification of the Federal Office for Regional Planning (BBR). The consideration of such variables is necessary to avoid missmeasuring the effects of R&D infrastructure. Such infrastructure (universities etc.) is often located within or around big cities. The distance to the next motorway entrance and to the next technology and foundation centre illustrate the relevance of specific infrastructure for start-ups.
The proximity to the next town that is administered as district in its own right has a positive influence for start-ups in all service sectors (see Table 4 ). The number of start-ups decreases if the direct distance increases. The common test of dummy variables for agglomerations' size and density shows significant differences in the start-up activities between densily populated counties and other counties. Market size and proximity to potential customers is more important for firms in service sector compared with manufacturing firms. We do not confirm the hypothesis of the greater importance of the urbanisation effects discussed for new firms in high-tech industries.
As we expected the proximity to the next motorway entrance is only important for start-ups in NTI. Firms in NTI often sell traditional products. Cost of transportation and so traffic links are more important for them compared with start-ups in STI or HTI. Industrial parks for producing firms can often be found near traffic links. So we get at first a positive impact until a distance of about 10 kilometres. The number of start-ups in NTI decreases in a distance above the crucial point of 10 kilometres.
It must now be considered whether the establishment of technology and foundation centres (TFC) as one possible action of a state intervention in the economic conditions leads to an increasing number of start-ups in technology-oriented industries in such districts. The results estimated show ceteris paribus a strong negative connection between the direct distance to TFC and the number of start-ups. A serious and important motive for starting up a new firm derives from subjectively anticipated or existing unemployment (see Evans and Leighton 1989; Reize 1999 ).
The anticipated probability of becoming unemployed should be positive correlated with the observed regions' unemployment rate. However, an opposite effect evolves from the fact that a high rate of unemployment inevitably indicates economic problems and represents unfavourable conditions in a region's demand. Generally, cross-section analyses mostly prove a negative coefficient for the rate of unemployment (see e.g. Felder et al.1997; Almus et al. 1999) . A county's unemployment rate has no significant impact on the number of start-ups in our estimation. The shortcoming of differentiation of unemployed people according to industry or last position and the small number of counties after the new classification of counties in 1993 give some reasons for this.
The economic structure of a region can explain regional differences in foundation activities, too. According studies of Bruederl et al. (1996) and Pfeiffer (1994) for Western Germany 60 percent and 75 percent of the founders were previously employed in the same industry or have a lot of industry specific skills. The regional concentration of a industry should support the supply of qualified workers and induce knowledge spill-over. Several present studies (Steil 1999; Almus et al. 1999) show significantly positive correlations between the share of employees and the number of start-ups in the respective sector. Furthermore, interactions between the manufacturing sector and number of start-ups in services can be assumed (Klodt et al. 1997; Almus et al. 1999 ) and contribute to the explanation of foundation dynamics. We get a convex relationship between the share of employees in the 
Conclusion
This study focused on determinants for regional differences in the number of high- 
